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6 ? 1? ?????????????????????
1.1 ??????
????positron : e+??????????????? (511 keV)???????????????????
????????????????1928?? P. Dirac?????????????????????????
??? (Dirac???)????????????????????????? [1, 2]?????? 1932???










p    ! e+ + n + e







???????????????????: f????????????????Positron annihilation lifetime
: PAL????????????????????????????????????? ????????
??–?????????????????????????????????????????????1
???? 180 ???????? 2 ?????????????????????  ???????Angular





????????????????????????????? [15]???????????? [16]? Ps 





















????????????????????? 1.1?????a?? Ar?? 3.5 MPa???????????
??????b?? CO2 ?? 3.5 MPa ???????????????????+ ????? 100 keV ??
????????????????????????????????????????????????
????????????Ar ?????????????????????????????? 11.7 eV ?
????????????????????????????????????????????????
??????????????????????????? ns–?? ns ????????????????




??????????????????????????Positronium : Ps???????????? Ps?
???????????????????????????
e+ + A    ! Ps + A+
???? Ps?????????EPs???????????????????
EPs=Ee+ + 6.8   Eion
????Ee+ ?????????????EPs ? Ps ?????????Eion ??????????????
6.8 eV? Ps????????????Ar????????????? 15.8 eV????Ar????? Ps?
?????? 9.0 eV????Ps??????????????????????????????????
?????? Ps ??????????????????????????? Ps ????????????
???????????????????????? Ps???????????????????????
? Ps?????? Ps????????????? [52–57]?
??????????????????????????????? Ps????????????????
?????????????????????????????????????????????spur??
???????1000 eV????????????? LET (Linear energy transfer)????????????
?????????????????????????????????????????????????







??????????????? [67–72]????????? Ps??????????????? [73]?
10 ? 1? ?????????????????????
? 1.1 ?a?Ar?? 3.5 MPa?????????????????b?CO2 ?? 3.5 MPa????????









2. Ps?????????????????? (6.8 eV)
3. Ps???????????????????
????? Ps???????????????????????? 1?????-Ps?p-Ps???????
?????-Ps?o-Ps??????????????? 1.3??p-Ps? o-Ps? 1:3?????????????







? : Ps + Cl2    ! PsCl + Cl
 ????
? : Ps + NO2    ! PsNO2
 ????
? : Ps + Fe3+    ! e+ + Fe2+
2. ???????
? : o-Ps(*") + NO2(#)    ! p-Ps(*#) + NO2(")
3. ???????




12 ? 1? ?????????????????????
?????????????????????????????????????????????????
???o-Ps? p-Ps???????????? [75]?
????????? o-Ps????????? Ps?????? Ps??????????????????
????????????????????o-Ps??????????? 2????????Ps?????
???????????????????????? ????????????????????????










? g ??????????????????????????????????????????Ps ???





?? H¯???????????????? H¯????????? [87]?
p¯ + Ps    ! H¯ + e–
????????? eV??????????? Ps??????????? Ps????????????
??????? Larricia ??????????????????????? Ps ???????????
Larricia????????wien filter??????????? + ??????????Ar?????????
?????????????? 10 eV????????????? Ps???????? [88]???????
????????????? Na?????????W????????????????????????
? Ps  ??????????????????? [89]?? keV????????????????????
Ps????????????? [90, 91]?
1.4 ????????????? 13
? 1.2 ????? Ps???????????? Ps??????????????????????????
14 ? 1? ?????????????????????






??????????????????????? 10 eV????? Ps???????o-Ps??? 142 ns?
????????????????????? Ps????????????? Ps??????????? Ps
????????????? Ps?????????????????????
Ps ????????????Ps ??????????????????????? 1.4 ? Ar ?????
Ps??????????????????????? [92]????????? Ps????????????
?????????????????????????????????? Ps??????Ar??????
9-100 eV??Ps???????????? Ps??????????? 100 eV??????????? Ps?
Break-up???????????Ps???????????? (6.8 eV)???????????? Ps???
?????????
Ps    ! e+ + e–
Ps? Break-up?????6.8 eV????????????? Ps????????????????????
???????? [93]???????????????????? Ps?????????????????









??????????? Ps?????????15 eV??????????? Ps???????????




??? o-Ps??????????????????????? ???????????? 2 eV?????
?????? Ps–Ar????????????????????????????????????????
16 ? 1? ?????????????????????
Ps?????????????????????Ps–Ar????????????????????????
?????????Ar???????????????? ?????ACAR??????????????
????????? [100, 101]?Xe??????? o-Ps? Xe?????????????????? ?
???????????????????AMOC???????????????????????? [102]?















Ps–Ar??????????????? P.K. Biswas [114]? J.E. Blackwood [115]???????????
?????????Ps ???????????????????????????????? three-Ps-state











? 1.4 ???–Ar ? Ps ?????????????????????????? [92];?????
? [42];(4?5)???????????????????? [117];?– –????? [118];?—-?McAlinden
????????????????0.5????????????????Reprinted from Experimental studies
of the interaction of low energy positrons with atoms and molecules, 221, J.P. Marler and L.D. Barnes and S.J.
Gilbert and J.P. Sullivan and J.A. Young and C.M. Surko, Annihilation below Ps formation, Pages No. 86,
Copyright (2004), with permission from Elsevier??
18 ? 1? ?????????????????????
? 1.5 Ps-Ar??????? Ps???????????1.????? ??????? [99]?2.???





20 ? 2? ????????????? Ar?????????????????
????????PAL??????????????????????????????????????
????PAL ??????????????????????????????????????????
??????????? 22Na????????????????? 2.1??22Na? + ??????????


























? 2.1 22Na??????22Na???? 2.602??????90.5 %?????????????????
?????????1275 keV? ???????




????????????? 22Na ? + ??????????????? 1275 keV ???????  ??
????????????????????????????????????????????????
???????????? 511 keV????????? ??????????????1275 keV? ??
511 keV? ????????????????????
1275 keV ?  ???????  ?????????????????? 4 cm, ?? 3 cm???????
?????????????????  ??????????????????????????????
????????????? (photomultiplier, PM : H1949-50?H7195,????????)????????
?????  1800 V ???????????????????????????????Constant Fraction
Discriminator?CFD : 583, ORTEC??????????????511 keV??????? ?? 1275 keV?
???????? 2.2??1275 keV? START?????????????CFD? window????????
?? 1.5–4.3 V????511 keV? STOP?????????????CFD? window??????????
0.8–1.2 V????CFD???????????????????STOP????? DELAY???????
???START??????? Time-to-amplitude-converter?TAC : 566, ORTEC?????????????
???????TAC??????????????Multi channel analyzer?MCA : MCA600, Labo:????
???????????????????????MCA?? 4096????????????1??????
????????Time-caliblator?462?ORTEC???????TAC??????? 100 ns?????1??
?????? 0.0245 ns?????PAL?????????? 2.3?????
??????????
???????????????? 2.85 cm??? 8.5 cm??????????????????????
silicone?????? O-ring???????????? Ar????G1 grade(>99.9999 %)????????
??????????Ar ??????????????CO2 < 0:1, O2 < 0:1, H2 < 0:1, CO < 0:1, N2 < 0:3
(ppm)??????????????????????????????? 200?????????????
???????????????????????????????????? (20?)?????????





V   b  
a




















????R??????!? acentric factor??????? Ar????  0:002????Pc ??????Tc ?
?????b??????????????????a????????????????????
??????????????
???? 20 l?????????????22NaClaq? 1 l????????? 0.4 MBq???????
????? 20 m ? Kapton ?????????????? 0.16 ns ??????????? 2 mm ? Al ?
??????????????????PATFIT????? [122]???????????????????
???????0.37 ns??????????????? (14 %)?????????????? FWHM?Full
width at half maximum?? 320 ps?????
???????????Ni??? : 5–20 m?, Cu?10–50 m?, Ta?12–60 m?, Al?10–300 m?, Au
?5 m????????????????? 2.4??
24 ? 2? ????????????? Ar?????????????????
? 2.2 CFD? LLD?Lower level Discriminator????? ??????????????? 0.1 V??
??????? ???????????CFD? LLD?Lower level Discriminator?????1.5 V???


















i (t) + N
f
i (t) + N
o
i (t) + B (2.6)
??????????f???????????? o-Ps???????????????????????
????????
S i(t) = Gi(t)   Noi (t)   B = Npi (t) + N fi (t) (2.7)











f = ne ve+a (2.9)


































f = r20cne  (2.15)
????
???? ne  ???? (Ar?????)??????Z??????????nAr????ne  = nArZ????
???????????????–?????????????????????????????????













Ze ?????100 K ?????????? Ar ???????????????????? [124–126]?Ar
???????????????????? 2.5?f ??? Ze ??????? 2.6????Ar?? 3.5 MPa?





= cZe   0:1Ze (2.19)
Ze
def
= cZe   minZe (2.20)
????minZe ? Ze ?????cZe ???? Ze ??????????????minZe ? Ar??????
?????????????cZe ? Ar?????????????????????Ar?????????
? f ???????????: Tao [49]????: Grith [127]???????? 2.7????????????





????? 2.8? Ar?????????????????????????????? [49]??????
??????????Ze ?????????????????????1=????????????????
?? Tao????????????Ar????????????????????????????????
? 2 nm 3 ??????????????????????????????? Ar????????????
????????????????????????2 nm 3 ???????????????????2 nm 3
??????????????????????????????????? Ar????????????
?????
30 ? 2? ????????????? Ar?????????????????




? 2.6 Ar?? 3.5 MPa?????????????????????????f ??? Ze ??????
????????2–10 ns????????????????10 ns??????????????????
????
32 ? 2? ????????????? Ar?????????????????
? 2.7 Ar?????????????? f ????????: Tao [49]????: Grith [127]????
??? Ar??????????????????????????????????????? [49]?
2.2 Ar????????????????????????????? 33
? 2.8 Ar????????????????????????? Tao???????????????
????? Ar ?????????? [124]?????Ze ????????????????????
?1=???????????????
34 ? 2? ????????????? Ar?????????????????
2.3 ????????? Ar????????








????????????? (C)????????? p-Ps??? (D)?????????????????
????????? (E)??????????? (F)?????????????? o-Ps??? (G)????
??????PAL????????????????????????????????????????
?????????o-Ps???????????????????????1Ze = 0:314 [127]???????
?????????????????? I3 ?????????????????? t = 0?ns???????





???????I2 ??? I3 ????????g cm 2????????????????I2 ??? I3 ?????
????????? 7 %??????????????????????????????????????
????????????????????????????
? 2.10 ???Cu ???????? Ar ?? 5.0 MPa ????????????????????????





2.3 ????????? Ar???????? 35
? 2.9 ????????????? (a): I1,(b): I2, (c): I3??????Ar????1.5 MPa (0.4 nm 3)???
???????Reprinted from Optimisation of the thickness of the moderator for positron annihilation process
study in Ar gas, 68, 2014, 2, Results and discussion, Oka, Toshitaka and Sano, Yosuke and Kino, Yasushi and
Sekine, Tsutomu, with permisson from European Physical Journal D.?
36 ? 2? ????????????? Ar?????????????????
? 2.10 ??????????????????Cu????????????????Ar?? 5.0 MPa??
??????????Reprinted from Optimisation of the thickness of the moderator for positron annihilation
process study in Ar gas, 68, 2014, 3, Results and discussion, Oka, Toshitaka and Sano, Yosuke and Kino,
Yasushi and Sekine, Tsutomu, with permisson from European Physical Journal D.?
2.3 ????????? Ar???????? 37
????????????????????????????????????????I1 ???????
?????? ?????? 5????????????
1 = IKapton() + Imetal() + Ivessel() +
4
3
Io Ps() + Ifree() (2.21)
??? 1 ????????????????????????????????????????????
???IKapton() ????????? 2 mm ?????? Al ?????????????????????
PATFIT???????????14 %??????p-Ps???? o-Ps???? 1/3???o-Ps??????
?? 4 Io Ps()/3? Ps???????










3 Io Ps() + Ifree()
4
3 Io Ps(0) + Ifree(0)
(2.23)
R1()?R2()? (21)??????????IKapton() + Imetal()? Ivessel()????????????????




Io Ps(0) + Ifree(0) + Ivessel(0)
!
= 1   R1()  (0:67 + Ivessel(0)) (2.24)
????Io Ps(0) ? Ifree(0) ??? 2.10 ? (a)?(b) ??????IKapton() + Imetal() ? Ivessel(0) ?  ????
???? 2.11 ?????Ivessel() ?????????????????????????Ivessel() ????
1 %???????????? 0:06 g cm 2 ?????????????????????????????
???????????????? 0:06 g cm 2 ???????????????????????????
???? 1.4 cm???? Ar?? 1.5 MPa?? 0:04 g cm 2 ??????????????????????





38 ? 2? ????????????? Ar?????????????????
? 2.11 ??????????? IKapton() + Imetal() ? Ivessel() ????Ar ?? 1.5 MPa ??????
???Reprinted from Optimisation of the thickness of the moderator for positron annihilation process study in
Ar gas, 68, 2014, 3, Results and discussion, Oka, Toshitaka and Sano, Yosuke and Kino, Yasushi and Sekine,





40 ? 3? ???????????????AMOC?????
Ar?????????????Ar??? Ps????????????????????????????
??: 11.6 eV????????????????????? 30 eV???????????????????
?? [48]?11.6 eV???????????Ps???????????? Ar??????????????
?????????1????????????? Ar?????????????????????10 eV?





6.8 eV????????????????????????????????????????? 6.8 eV?
???????????? Ps???????????? Ar??????????????????? ??
?????????????????????????Ps???????????????????????
??????? Ps??????????????????????




? 3.1 Ar???????????????Ar??????????? 11.6 eV???????????
???????????????????????????????????????????????
??????????????????????Ar ??????? Ps ???????? 9.0 eV ????
9.0–11.6 eV????????????????????









? Ge??????? 5.4 cm  5.2 cm????????? ORTEC?? GEM20P470?2??MCA? (?)
???????????????????????? NT-24 DUAL?????511 keV???? Ge????
?????????????????????????60Co? 1332 keV?85Sr? 514 keV?133Ba? 356 keV
??? 152Eu? 779 keV?964 keV?1086 keV?1112 keV?1408 keV????????? ????????
?? 3.2–? 3.4??2??MCA??1 ch??? 0.34 keV??Ge?????????????????511 keV







?????? 90????????? 3.5?TAC????????????????????? 1 ch????
Ge???????????? AMP?????????????????????? 2 ch????????
????? TAC?????? AMP????????? 2?? MCA?????????????????
?? 3.6????????? ???? 511 keV????????????????????
3.1 2??MCA–AMOC???? 43
? 3.2 Ge??????????? ???????? 1??MCA???????????Eu????
??????BG?? ???????
44 ? 3? ???????????????AMOC?????
? 3.3 1??MCA???????????????? ???????????????????? 2
????????–??
3.1 2??MCA–AMOC???? 45
? 3.4 Ge?????????????????? ????????????????????????
??????????????





??????? STOP????????????? 2 cm???Ge? STOP??????? 180????
???????????????STOP? Ge???????? 90??????????????N??
3.1 2??MCA–AMOC???? 47
? 3.6 TAC????? Ge?AMP???????????????????????Tac???????
????????? 1 ch??Ge?????????????? 2 ch????????











2?? MCA??????????? 2–10 s????????????????? 3.5: ?????START
? STOP??????????????????Ge??????? STOP??????? 90???????
??STOP? START???????????????????????????????????????




??????????????STOP? Ge???????? 180???????????? 3.5: ??STOP
? Ge ???????? 90 ???????????? 3.5: N??? 3.5 ????????????????
2 s?????STOP???????????????????????????????????0.42 s 1?
????? 40 %?0.18 s 1?????????????????????????????????????
STOP????????????? 2 cm????????10 %?0.04 s 1????????????????
?????????????????????????????????????????? STOP????
??????????????????????????????????STOP????????????
? 2 cm?2?? MCA???????????? 2 s????????????????????????






??? Ni???????? 5 m??? > 99 %?? Ni??????????? 0.4 MBq? 22Na?????
Ni????????? 1 cm1 cm?????????
?????? 2.85 cm??? 5 cm ????????????????????Ar ???>99.9999 %??
7.5MPa???????????? 2?????????7.5 MPa???????????????????




???????????????????? Ge ??????????????????Ge ???????
Dead-time? 1 %?????????? ?? Ge??????? STOP????????????????
??????? Ge ??????? STOP ?????????????????????????????
????????????????????????????????????????????????
?????????????????????????????????????? Ge?????????
??????????Ge???? 180???? STOP??????????????????? PMT??
????START?? PMT???????????????3?? ?????????????? 0.8 cps
?count per second???16?????????? 3.8:? 110????????????AMOC??????





50 ? 3? ???????????????AMOC?????
? 3.7 2??MCA–AMOC????????
3.2 ??????????????????????????????????????? 51
? 3.8 Ar 7.5 MPa??????? AMOC 3???????????????????????????
???ns???????????? ??????mc?????
52 ? 3? ???????????????AMOC?????
3.3 ?????????????
Ar???????? AMOC 3??????????????????????????????????
?????????????????????????  ??????????? Ge ?????????
???




??????????????????? 0.20 ns?0.37 ns????????Ni?????????????
? 14 %?????
?????????????5 m? Ni??????????????? 1.5 mm? Ni????????
? Ni??????????? Ge????????????????????????????? Ni???
??????????????????? 3.9??????????1275 keV? ???? Ge??????
?????????????????????????????????????????????? Ni?





















?????? ?????????????????????????? jEj < 5:0 keV???k?????
?????????????ch?????????????31 ch?????BGlow(Tj)??????????
?????????????????BGhigh(Tj)???????????????????????????
?????????????????????????? 3 ch?1 keV?????????????????
???????11 %????????
Ni?????
Ar ???????? 3 ????????? Ni ?????????Ni ?????? AMOC ??????
? 3????????? Ge????????????????????????????????Ni???
??????? 3????????????Ni?????????? 3?????????Ar??????
?? AMOC??????? 3???????????????? Ni?????????????????
14 %????3.4?????
54 ? 3? ???????????????AMOC?????












0:0262  2 + 0:385 ' 0:13 (3.3)
??????????? 2 s ?????????????????????? 2 s ??????????
?????????????????????????Ge??????????????????????
11 %????? Ni????????????? 14 %??????? PAL??????????? 13 %??
?????????????????????????????????????????????????
????????????????????????2??????????????????3.3?? 13 %?










????????????????? 11 %?Ni???? 14 %?PAL?????????????? 13 %?
?????????????????????????? 13 %?











????511 keV????? STOP??????????????? 1275 keV? ?????? START?
????????????????? 5 cm??? 3 cm???? BaF2 ?????BaF2 ??????????
????? PMT?H3378?????????? PMT?????? ??????????????0.5 MBa
? 22Na??? 5 m? Ni??????? 2.85 cm??? 8.5 cm?????????????????Ge??
?????ORTEC?: GEM20P470?????????????????????? 25 cm????????
STOP??????? Ge?????????????????????? 25 cm?????????START
?????????????????????????Ar?? (> 99:9999 %)??????????????
???? 7.5 MPa????????????
???????????????????? AMOC ???????START????? STOP?????
????CFD?TAC????????????????? GATE & DELAY GENERATOR????????
GATE????????? GATE????? Ge???????????????????????????
??????????????
PMT?????????HAMAMATSU?, MODEL?C3360???  2700 V?????START????
?1275 keV?????? PMT ????????A1?????????? T ??????????????
??????????????? 1 ch ???????????CFD?ORTEC ?: 583?? 0.26–1.88 V ??
? window ????????????CFD ???????????????????TAC/SCA ?????
?ORTEC??567?? START??????????STOP?????511 keV?????? PMT? A1???
??????????????????????????????? 2 ch??????????CFD????
?????0.1–0.5 V????CFD??????????? STOP??????DELAY??????ORTEC
??425A?????????? 31 ns?????TAC/SCA??????ORTEC??567?? STOP????
??????START ????? STOP ??????????????????TAC/SCA ????????
3.5 ??????????? AMOC???? 57
SCAoutput???????GATE & DELAY GENERATOR??????ORTEC?:416A?? positive input?
????16 s??????????positive output???????????????????????? Ext
?????????
Ge??????5 kV BIAS SUPPLY??????ORTEC?:659???? +3000 V?????Ge????
?????????????????SPECTROSCOPY AMPLIFIER?ORTEC?: 672??????????
????????FINEGAIN? 1.2??COARSE GAIN? 50??SHAPING TIME? 6 s?????Ge?
???????????????????400MHz???????????????? 20GS/s??????
???????LECROY?: WaveRunner 604Zi?? 3 ch?4 ch????????
58 ? 3? ???????????????AMOC?????
? 3.10 ??????????? AMOC????????
3.5 ??????????? AMOC???? 59
????????????????????????????????????????????????
?????START????????????????????????????C1??????Vertical Scale
? 114 mV/div ???Oset ? 392 mV ????STOP ???????? C2 ??Vertical Scale ? 90 mV/div
???Oset? 301.5 mV????Ge??????????? C3??511 keV? ???????????
????????Vertical Scale? 250 mV/div?Oset?-4 V????Ge??????????? C4???
??????????????????????????????Vertical Scale? 250 mV/div?Oset? 0 V
????
Timebase????????Sampling Mode? Sequence????Timebase Mode? 5.00 s?Delay?-2.9 s?
Real Time Sampling Rate? 5 GS/s????Trigger??MultiStage Type?Qualified?Arm trigger on Event ‘A’ :
State?Then trigger on Event ‘B’ : Edge?When ‘B’ occurs : Any Time???????Ge??? 511 keV???
?????? 5 V????????Event ‘A’???C3? Above 2.976 V???????511 keV??????
????????? Event ‘B’???????Event ‘B’???????????????? GATE & DELAY
GENERATOR????????????????????GATE & DELAY GENERATOR????????
? 5 V????????????????positive slope? 0.41 V???????? Any Time??????
??????????????????????10??????????? 3.11????????????
??? 511 keV? ?? Ge???????????????????????2????????????
????????????????????????????????????????????1????
??? 511 keV??????? ?????????????????2????????????????
?????????????????????????3 ??? 4 ??????????????????
????????????????????????????????????? PMT?????????
?????????????????????????????????
10??????? 1????? LAN????? PC????????????????????? 3??
???????????????1 ch??? 10 ps?????2??MCA-AMOC??????MCA1 ch?
?????????keV?????????511 keV? ????? 1275 keV? ???????????2





?????????????1 ch ???????????keV??????????????Ar ?????
??????????? ??????????? FWHM? 2.30 keV??? [7]????????????
AMOC??????????Ar???????????????? ?????????????????
?????????????????????????????? AMOC???????1 ch??????
60 ? 3? ???????????????AMOC?????
???? 0.059 keV????
???????????-AMOC?????????????Ar 7.5 MPa????? AMOC–3?????
???? 3.12????2??MCA-AMOC?????????????? 3.8????511 keV??????
??????
??????????????????????????????????????????????
?? ?????????????????????????????????? BaF2 ?????????
???BaF2 ??????????????  ?????????????? Ge????????????
?????????????????????? Ge??????? BaF2 ???????????????
????????????????????????????????????????????????
300 ps???????????????????? 5 cm??? 3 cm????? BaF2 ??????????
??????????????????????????????? 12.6???????2??MCA???
? AMOC????????????????????? BaF2 ????????????????????
????????????????????????? 0.23s 1 ??????BaF2 ?? 2.48s 1 ??????
???.8????????
?????????????????? AMOC????????dead-time? 2 %????????25 cm?
?????????????? 4.2 cps?????????????????? 2??MCA–AMOC????
?????????????????????????????? 5??????
3.5 ??????????? AMOC???? 61
? 3.11 ???????????????????????????????????????????
?????????? 511 keV? ?? Ge???????????????????????2????
???????????????????????????????????????????????
?????1 ch???? 114 mV/div?2 ch???? 90 mV/div?3 ch???? 250 mV/div?4 ch????
250 mV/div???? 5 s?????????????? PMT? STOP???????????????
????????????????????????
62 ? 3? ???????????????AMOC?????
? 3.12 ??????????? AMOC ????????? Ar 7.5 MPa??????????????
??????????????????????ns???????????? ???????????











???????????????2??MCA???? AMOC??????????????? 2 cm???
??????? STOP???????????????????????????????????????









????????2 ?? MCA-AMOC ?????????????????????? Ge ???????
?????????????????????? 6 %???????????????? AMOC?????
??? Ge ??????????????????????????????2 ?? MCA-AMOC ????
?11 %???????????????????????? oset???????????????????
? ????????????????
?????????????? AMOC???????? PAL??????????????? 6 %??2
??MCA-AMOC????????????????13 %????????????????? AMOC??
64 ? 3? ???????????????AMOC?????
???????????????? 30 ns??????????2??MCA-AMOC?????? 40 ns??
?????????????????????




???????? AMOC??????????????????????  2:53–31:7 ns????????
488:3    535:8 keV?????2?? MCA??????????????????????? 49 %???
????????????????? AMOC????????????????????????????





Ni?? 2 mm???? Ni????????????????????Ni???????????? ?
??????????????Coincidence-Doppler??????Coincidence-Doppler????????? 
?????????????? Ge?????????????????Coincidence-Doppler??? 22Na?
?????? 1275 keV? ??????????????????????????????????? Ge
?????????????????????????????????????????????????
Coincidence-Doppler ?????????????????????????????????????
???GEM20P470?? output ????? T ???????????? Ge ??????? TEST ????
Ge ? output ????? AMP ??????????????????????????????????
?? 3.13:(a)?????????? 1.5 mm? 1 cm??? Ni???? 22Na????????????????
?????????? Ge????????????????Ni?????? 22Na? 511 keV??? ??
????????????????????? 3.13:(b)??Ge??????????????????22Na?
?? 511 keV??? 1275 keV?137Cs? 662 keV? ?????????Ge??????? 1 ch?????
?? 0.30 keV/ch(Ge1: ORTEC??GEM20P470)?0.31 keV/ch?Ge2: ORTEC??GEM20P470-Rb?????
2?? MCA????????????????????????????NT-24 DUAL?? coincidence-time
? 1 s???512 ch  512 ch??????? 3.14:(a)???????0.09 cps??????????????
? 3.14 ? (b) ?????????? 1ch ???????????????????????? 45 ????
????????????Ni???????????????????????????
Ni????????????2??????????????????????????????????
1? FWHM?keV?? 4.8??? 2? FWHM? 2.37???????????????0.37 : 0.63?????
66 ? 3? ???????????????AMOC?????














70 ? 4? AMOC???? Ar?????????????????
Ar ??????????????????????????????????????????????
? 4.1? Ar?? 7.5 MPa?????????????????????????????????????
??????????????????????0.039 eV????????Ar?? 7.5 MPa???????





? 4.1 Ar 7.5 MPa ????????????????????????????????Reprinted from
Optimisation of the thickness of the moderator for positron annihilation process study in Ar gas, 68, 2014,
2, Results and discussion, Oka, Toshitaka and Sano, Yosuke and Kino, Yasushi and Sekine, Tsutomu, with
permisson from European Physical Journal D.?
4.1 Ar?? 7.5 MPa???? S-parameter?W-parameter????? 71
4.1 Ar?? 7.5 MPa???? S-parameter? W-parameter?????
??????  ????????????????????????????????????????
?????????? 4.2? Ar?? 7.5 MPa????? t = 0:4 ns??????????????????
????? 1 ns ????????????????????? S-parameter ? W-parameter ???????
??????????? ??????????????????????? S-parameter????????
?? W-parameter??? 1 ns???????????????????????????????????
??????????????????????????????? 511 keV???????jEj < 5:0 keV
????  ??????????S-parameter ???????????????????? jEj < 0:5 keV?
W-parameter ??????? 3.0 keV (jEj > 2:0 keV) ???????????????????????
????? ??????????S-parameter???????????????????????????
?????????????  ??????????W-parameter ??????????????????
S-parameter? 0.344?W-parameter? 0.127?????
? 4.3(a)? W-parameter???????? 4.3(b)? S-parameter??????????Iwata??????
??????????? Ar???????????????????????????Ar????????
??????  ????????????FWHM ? 2.30 keV ???? [7]???????? Ar ?????
????????????????????????????????????????????? 5 ns ?
??????????????????????????????????????????????2:25 
0:04 keV????Iwata?????????????
W-parameter??t = 0???? 0.147??????1 ns??? 0.090?????????????????
(5 ns)????????????????????? Ar??????????????Ar????????
????????????????15.7 eV????????????Ar????????? (11.6 eV)???
??????1 ns ????????????????? Ar ??????????????????????
??????????????????????????????????????
S-parameter??1 ns??? 0.358?????????????????S-parameter??????????
???? p-Ps?????????????????????? o-Ps?????t = 0 ns???? p-Ps???
??????????S-parameter ???? 30 % ??????????p-Ps ????????S-paramter ?
t = 0 ns? 0.286?????S-parameter?W-parameter????????????????????????
????????????
72 ? 4? AMOC???? Ar?????????????????
? 4.2 Ar 7.5 MPa ????? t = 0:4 ns ?????????????S-parameter ?????????
???????????????W-parameter ??????????????????????????
?Reprinted from Energy loss of positrons below the excitation threshold in Ar gas, Yosuke Sano and Yasushi
Kino and Toshitaka Oka and Tsutomu Sekine, Results and Disscusion, 2, Copyright (2014), with permission
from JSAP Journals.?
4.1 Ar?? 7.5 MPa???? S-parameter?W-parameter????? 73
? 4.3 Ar 7.5 MPa ?????(a) W-parameter ? (b) S-parameter ???????????Reprinted from
Energy loss of positrons below the excitation threshold in Ar gas, Yosuke Sano and Yasushi Kino and Toshitaka
Oka and Tsutomu Sekine, Results and Disscusion, ?, Copyright (2014), with permission from The Japan
Society of Applied Physics.?

















????m ??e+–Ar????????? MAr ? Ar????me+ ? e+ ???? nAr ? Ar????? kB ?
???????? T ????????????????McEachran?????? [131]??????????
?????Ee+ (0)?? 11.6 eV????????????????????????? 4.4??
??????????????????????? Ar ?? 7.5 MPa ????? 1.0 ns ??? 2.5 eV ?
?????????????????????????2.5 eV ?????????????????5 ns











? 4.4 ??????????? Ar 7.5 MPa ????????????????????Reprinted from
Energy loss of positrons below the excitation threshold in Ar gas, Yosuke Sano and Yasushi Kino and Toshitaka






78 ? 5? AMOC???????????? Ps???????
5.1 ??




???????????EI??? Ps?????????EPs = 6:8 eV??????????????????
???
E0 > EI   EPs (5.1)
???Eex ???????????????????????????????? E0 < E < Eex ??????
????????????????? Ps??????????????????????????????
?????Ps????????????? Ps??????????????Ar?????????????








???????????????????? [113]?155 eV???? Ps-????????????????
???????????????????????????????? [91]?15 eV???????????













80 ? 5? AMOC???????????? Ps???????
5.2 2?? MCA–AMOC????????????????
Ar?? 5.0?7.5 MPa?Ne?? 5.0?7.5 MPa??????3????????? AMOC????????
??????????????????????????????????????????? 2?????
????????2??MCA????????????????????????
p-Ps? 0.125 ns??????????????p-Ps????????????? ??????????
?????????????????????????????????????????????????
???????????????????? p-Ps???????????p-Ps?????????????











E = 511  pkc
2
(5.2)

































































??????????????Ar?? 7.5 MPa?N?? 5.0 MPa??????? Ps??????????
??????? 5.2????????????2??MCA???????????????????????
??????????Ar?? 5.0 MPa??????Ps? 0–0.2 ns??? 3.7 eV?????????????
??????? 1 ns??? 2.0 eV???????????????Ar?? 7.5 MPa????Ps? 0–0.2 ns?
?? 3.5 eV???????????????????? 1 ns??? 1.0 eV???????????????
????Ne?? 7.5 MPa?N?? 5.0 MPa??????? Ps????????????????? 5.3?
????Ne?? 5.0 MPa??????Ps? 0–0.2 ns??? 4.3 eV???????????????????
? 1 ns??? 1.9 eV???????????????Ne?? 7.5 MPa????Ps? 0–0.2 ns??? 3.5 eV
???????????????????? 1 ns??? 0.3 eV???????????????
82 ? 5? AMOC???????????? Ps???????
? 5.1 (a):Ar?? 7.5 MPa???????? 0?0.4?2.4 ns??????????? = 0???????
???????????511 keV??????0?0.4 ns???p-Ps???????????????2.4 ns
??????????????
5.2 2??MCA–AMOC???????????????? 83
? 5.2 Ar?? 7.5 MPa?????????? Ps?????????N??Ar?? 5.0 MPa??????
???? Ps???????????
84 ? 5? AMOC???????????? Ps???????
















????m ? Ps–Ar??????????MAr ? Ar???? mPs ? Ps????nAr ? Ar????? kB ?










????t1 ? t2 ??????????????????????????????????????????
???????????????????????????????????? ????????????
7.5 MPa? 5.0 MPa????????????????? 6?????????????????? 5.4??
??????????????????????????????? 5.1????? Ps??????????
???????? Ps????????????????Ps–Ar???????????1.0–3.7 eV????
????? 0:019  0:010 nm2 ?????? 5.5???????????????????N???? [133]?





????????????????? Ps???????????EPs(0)?? 3.9 eV?????????Ar?
??????????????????2.6 eV????????Ar??????? Ps??????????
?????????? 20 eV???????????? [92]??????????????????????
??????????20   6:8 = 13:2 eV??????????? Ps??????????????????
???6.8 eV?????????????? Ps? Ar????????????break-up?????????
?????????????????????? ps??? Ps? 6.8 eV???????????????
??????Ps ? 6.8 eV ???????????????????????????????????
???? Ps??????????????????????? Ps? break-up?????????????
86 ? 5? AMOC???????????? Ps???????
? [134]?
Ne ?? 7.5 MPa?5.0 MPa ?????????????Ar ????????????????????
? 5.6???Ps–Ne?????????????????????? Ps????????????????
??????????????????????????????????? 5.7?????N?????
??????? [135]? ? Skalsey ???? [95] ????????–?P. K. Biswas ??????????






???? 2000?????????? Skalsey?????2 eV??????????????? Ps–Ar???
??????? Ps–Ne??????????????????????????????????2–4 eV?




? 5.1 Ar???????????? Ps?????????????????? Ps??????????
EobsPs (t1?t2) and EPs(t1?t2)??Reprinted from Kinetic energy of Ps formed by Ore mechanism in Ar gas, 618,
Yosuke Sano and Yasushi Kino and Toshitaka Oka and Tsutomu Sekine, Results and disscusion, 2, Copyright
(2015), with permission from Journal of Physics: Conference Series.?
?? (MPa) 5.0 7.5
??? (nm 3) 1.3 2.0
??? t1  t2 (ns) EobsPs (eV) EPs (eV) EobsPs (eV) EPs (eV)
0:0  0:2 3.7 3.7 3.7 3.5
0:2  0:6 2.5 3.1 2.0 2.3
0:6  1:0 1.8 2.0 1.4 1.0
88 ? 5? AMOC???????????? Ps???????
? 5.4 Ar?? 7.5 MPa?N???? 5.0 MPa?????? Ps???????????????????
??? Ps???????????????????ns  nm 3??
5.3 Ps–?????????????????? 89
? 5.5 Ps-Ar ???????Ps ?????????????????????1. ??? [133]?2. ?
????  ??????? [99]?3. ????????????? [95]?4. ???? [114]??Reprinted
from Kinetic energy of Ps formed by Ore mechanism in Ar gas, 618, Yosuke Sano and Yasushi Kino and
Toshitaka Oka and Tsutomu Sekine, Results and disscusion, 3, Copyright (2016), with permission from Journal
of Physics: Conference Series.?
90 ? 5? AMOC???????????? Ps???????
? 5.6 Ne?? 7.5 MPa?N???? 5.0 MPa?????? Ps???????????????????
5.3 Ps–?????????????????? 91
? 5.7 Ps-Ne???????Ps?????????????????????N??????????
?? [135]?? Skalsey???? [95]????????–?P. K. Biswas???????????? [114]?
0.3 – 4.3 eV??????? Ps–Ne???????????0:015  0:008 nm2 ?????
92 ? 5? AMOC???????????? Ps???????
5.4 ??????????? AMOC????????????????
? 5.8??Ar 7.5 MPa???????????????????(a) : t = 0:1   0:2 ns?(b) : t = 0:4   0:5 ns?




t = 0:1   0:2 ns??????p-Ps??????????????????????t = 0:4   0:5 ns????
???? p-Ps??????????????????????????t = 1:1   1:2??????p-Ps???
??????????p-Ps???????????????p-Ps??0.8 ns????????????2??
MCA-AMOC???????1 ns?????? p-Ps?????????????????? 1 ch?????
???????????????????????? AMOC???????? 0.01 ns?????????
???????????0.39 ns??????????? 2??MCA-AMOC??????????????
???????????????????????????




?????? t = 0????0–0.02 ns????? 1??????????? 0 ns?????????0.3 ns??
????? Ni??? AMOC?????????????????? PATFIT??????????????
???????????? 0.1 ns??????? 0 ns????2??? 0.03–0.07 ns?3?? 5??? 0.1 ns
??????? 0.2 ns????? 0.3 ns ???????????????? Ps ?????????EobsPs ??
? 5.2?????Ps??Ar?? 7.5 MPa?? 3.7 eV???????????????????? 0.8 ns??
? 0.6 eV?????? [136]?
2?? MCA-AMOC????????????Ps?????????????????????????
Ps–Ar??????????????????0–0.02 ns ??????????????????????Ps






5.4 ??????????? AMOC???????????????? 93
? 5.8 Ar 7.5 MPa???????????????????(a) : t = 0:1   0:2 ns?(b) : t = 0:4   0:5 ns?
(c) : t = 1:1   1:2 ns?????????????? 511 keV?????????????????????
p-Ps????????????????
94 ? 5? AMOC???????????? Ps???????
? 5.2 Ar 7.5 MPa????????????????? Ps???????? EobsPs (t1?t2)
Pressure (MPa) 7.5
Number density (nm 3) 2.0
Time range t1  t2 (ns) EobsPs (eV)
0  0:02 3.7
0:03  0:07 3.6
0:08  0:17 3.2
0:18  0:27 2.7
0:28  0:37 2.0
0:38  0:57 1.3
0:58  0:87 0.6
? 5.3 Ps-Ar?????????????????
EPs (eV) m(nm2)
3:7  3:5 0.012
3:5  3:0 0.020
3:0  2:4 0.028
2:4  1:7 0.057
1:7  0:9 0.061
0:9  0:3 0.110
5.5 Ps–Ar???????????????????????? 95
5.5 Ps–Ar????????????????????????
? 5.10 ?????Ps ???????????Ps ?????????????????????0.6 eV ?
?????????????0.3 eV ???????????? [99] ?????????1.3 eV ?????
???????? M. Skalsey ???? [95] ?????????2.7 eV ????????????? 2 ??
MCA????????????????????????????????????????1 eV????
P.K. Biswas?? J. E. Blackwood????????????1 eV????????J. E. Blackwood????
??????????Ps–Ar?????????????–Ar?????–Ar???????????????
? 5.11 ?????????????????????????????????????????????













???????? 3.7–0.6 eV???? Ps-Ar?????????????????????7.5 MPa? Ar
??????? Ps?????????????? 3 ns?????Ar???????????? 5 ns???
???Ar?????????Ps?????????????????????????
96 ? 5? AMOC???????????? Ps???????




? 5.10 Ps-Ar????????? Ps??????????????????????????Ps???
??????N???????????? AMOC????????????? 2?? MCA-AMOC?
???????????: ????? ??????? [99]??: ????????? [95],?– –?: ??
?–Ar?????????? [131]?? –  –?: ???–Ar?????????? [137]
98 ? 5? AMOC???????????? Ps???????
? 5.11 Ps/e+/e -Ar??????????????????????????????????????
?????1. ????2. ????? ??????? [99]?3. ????????? [95], 4. ???–Ar?
????????? [131]?5. ??–Ar?????????? [115]
5.5 Ps–Ar???????????????????????? 99
? 5.12 Ps/e+/e -Ar?????????????????????????????????????a.u.??
1. ????2. ????? ??????? [99]?3. ????????? [95], 4. ???–Ar??????
???? [131]?5. ??–Ar?????????? [115]
100 ? 5? AMOC???????????? Ps???????
5.6 ??????????????????
??????????????????????????????????0.039 eV???????????
????????????????????????????????? eV–10 eV ???????????
Ps????????????????????????????Ps?? eV???????????????
?????? Ps?????????????????????????????????????????













????? 2???????????????? 0.1 g/cm2 ??????????????????????
20 cps????????????????????????? AMOC???????? 0.4 MBq?????
??????????????? 20 cps?????????????????? 1.5 mm?????????
?? 4 mm??????????? 2.4 cm?????????????????????????????
????????????? 6 cm????2.4 cm??????Ar??? 2.4 MPa????????????
??????????? 5.13??? 2.4 cm???? Ar??????? Ar????g/cm2????????

















? 5.14(b)?????? Ar???????????????? Ps?????????? 0???? Ps?
???? 0.32???????????? Ps???????????? 0.5 Td? Ps????????1 Td?
?????? 0.6???? [145]?????? [143]??? [145]????????????????? 0.5 Td
????
?? 2.4 cm???????????????????Poisson-Superfish????? [146]????????
??????? Ar????????????????????????1.0–1.4??????????????




?? 25000 V????????? 2000 V????????7.5 MPa? Ar???????0.5 Td?? 10000 V
????2.4 cm??????? 10000 V???????????????? 3 mm?????? 0.5 Td??
???????
??????????????? 5.16??????????????? SUS316??????? MACOR
?CORNING???????????????????? 10 MPa???? 100?????????????
?????????????????????????????????????????????????
????????????????????????????
102 ? 5? AMOC???????????? Ps???????
? 5.13 ?? 2.4 cm???? Ar??? (g/cm2)???? Ar????MPa?????
5.6 ?????????????????? 103
? 5.14 Ar?????????????????????? (a) [143]? Ps????????? (b) [145, 147]






106 ? 5? AMOC???????????? Ps???????
5.7 ?????????????????????
??????????? 3 mm??? 17 cm? SUS316??????? 22Na??????????????
????????22NaCl??? 1 l??????????????????????????? 60 ????
?????? 18????????????? 100 kBq???????????????????Ar????





? 5.17? Ar?? 7.5 MPa????????????????????????????????????
???????0 V?????????????????????????????????6000 V?10000 V
????????????????????????????????????????????????
??????????????? 2????????? 5.18? Ar?? 7.5 MPa? Ze ?????????
??0 V??????1 ns??? Ze ? 15?????????????? 6 ns???? (Ze=23)?????
6000 V??????1 ns??? Ze ? 18??????????3 ns?????????????Ze=23??
????




? 5.17 Ar?? 7.5 MPa????????????????????????? 1????? 1ch???
?????????????ns?????0 V????6000 V?10000 V???????????????
???????o-Ps?????????








??????????????????????????????Ze ???????? 0–6000 V????
?????????????????????????????????????????????????
? 5.20??????????????????????????? Ar?????????????????
???? [92]?Ar??????????? Ze ???????????????????????????
??????????????0.039 eV????Ze=26.77?????1 eV???? Ze ???? 15???
????Ze ????????????0–6000 V????????????????????6000 V???
??????????????????????? 10000 V?????????Ze ? 15?????10000 V
??????????????????? 1 eV?????????????
????????? Ps????????????????? 5.21??????????Ps???????
????Ps?????????Ze ????????????????????????????? 6000 V
??????????????Ar??????? Ps?????9 eV??????????????????
????????????????????????????????????????????????
6000 V????????????????? 9 eV?????????????????????????Ps
??????????????????????? 10000 V??????Ps??????????????
??????????? Ps???? 0.51??????????????????????????????




? 5.18 ????????????????????? 0,6000,10000 V??????Ar?? 7.5 MPa?
???? Ze ??????0 V??????1 ns??? Ze ? 15?????????????? 6 ns??
???Ze=23??????6000 V??????1 ns??? Ze ? 18??????????3 ns????
?????????Ze=23??????
110 ? 5? AMOC???????????? Ps???????




? 5.20 Ar?????????????????????????Reprinted from Experimental studies of
the interaction of low energy positrons with atoms and molecules, 221, J. P. Marler and L. D. Barnes and S. J.
Gilbert and J. P. Sullivan and J. A. Young and C. M. Surko, Annihilation below Ps formation, Pages No. 88,
Copyright (2004), with permission from Elsevier??
112 ? 5? AMOC???????????? Ps???????


























114 ? 6? ??
? 2??????? Ar???????????????????Ar????? 2 nm 3 ????????
?????? Ar ?????????????????????????????????????????
??????????????? Ar????????????????????????????????
????????? Ps ???????????????????????????????????? Al,
Ni, Cu, Ta????????????????????Ar???????????????????????
?????????????????????????????????g cm 2?????????????
???????? 0.1 g cm 2 ????????Ar??????????????????????????
?? Ar???????????? Ar?????????????????????? Ar????????
?????????
? 3?????????????? Ps??????????????????????????????







??????? BaF2 ???????????????????????????? STOP????????
?????????????????????????????????????????????????
????????????? 5??????
? 4 ????Ar ?? 7.5 MPa ?? AMOC ?????????? Ps ??  ?????????????
??? S-parameter ??? W-parameter ??????S-parameter ???  ???????????????
????????W-parameter ???  ????????????????????????S-parameter ?
t = 0?? 0.32????????? 1 ns??? 0.358?????????????W-parameter? t = 0??
0.147 ????????? 1 ns ??? 0.090 ????????????????????????????
?–Ar ??????????? Ar7.5 MPa ???? Ar ???????????Ps ???????????
11.6 eV????????????????????????1 ns?? 2.5 eV??????????????
Ar???????????????11.6 eV–2.5 eV?????????????????????S-parameter
?W-parameter????????????????
? 5 ????Ar ??? Ne ???? AMOC ??????p-Ps ??  ????????????????
115
Ps?????????????Ps???????????2??MCA???? AMOC?????????
???Ar?? 5.0 MPa????? Ps? 0–0.2 ns??? 3.7 eV????????????????????
1 ns??? 2.0 eV???????Ar?? 7.5 MPa??? Ps? 0–0.2 ns??? 3.5 eV??????????
?????????? 1 ns??? 1.0 eV???????Ne?? 5.0 MPa??????????????Ps
? 0–0.2 ns??? 4.3 eV???????????????????? 1 ns??? 1.9 eV???????Ne
?? 7.5 MPa????Ps? 0–0.2 ns??? 3.5 eV???????????????????? 1 ns???
0.3 eV???????Ar?Ne??????????????????Ps????????????????
???????????????????Ps–Ar ???????????1.0–3.7 eV ???? 0:019  0:010
nm2 ?????Ps-Ne?????????? 0:015  0:08 nm2 ????Ps–Ar??????????????
???????
????????????? AMOC ????????????Ar ?? 7.5 MPa ???????????





????? 3.7–0.6 eV???? Ps-Ar???????????0.6 eV????????????????
?????????????????????Ps????????????7.5 MPa? Ar??????? Ps
???? 3 ns??????? 2??? Ar?? 7.5 MPa????????????????? 5 ns?????
Ar?????????Ps?????????????????????????
Ps–Ar???????????????????????Ps?????????????????????
0.6 eV??????????????0.3 eV?????????????????????1.3 eV????
?????????M. Skalsey?????????????2.7 eV????????????? 2??MCA
????????????????????????????????????????1 eV????P. K.
Biswas?? J. E. Blackwood????????????1 eV????????J. E. Blackwood??????
?????????????? 1.0 a.u.??????????Ps–????????????–???????





0.4 MBq ? 22Na ???????????????? AMOC ????? AMOC ????????????
?????4 cps ?????????????????????? 6 cm??? 3 cm???????????
116 ? 6? ??
? 1.5 mm??????????? 4 mm??????????? 2.4 cm???????????2.4 cm??
????Ar ??? 2.4 MPa ????????????????????????????????????
Possiton Superfish?????????????6000 V?? 1 mm???????10000 V?? 3 mm???
??? 0.5 Td??????????
 10000 ?? +10000 ????????????Ar ?? 7.5 MPa ??????????????????
?????????????????????????????????????????????????
10000 V?????????????????? 1 eV?????????????Ps???? 6000 V??
??????????????????????Ps??????????????????????????






















??? EobsPs (t1?t2)? p-Ps??????????????????????????????FWHM?keV??
?????
? A.1 Ar?? 7.5 MPa??????
???? EobsPs p-Ps? ????? ????????
t1  t2 (ns) (eV) ????? ????? ?FWHM?keV??
 0:146  0:245 3.46 8001 19376 3.29
0:246  0:637 2.34 4083 12142 2.93
0:638  1:03 1.03 336 6406 2.48
? A.2 Ar?? 5.0 MPa??????
???? EobsPs p-Ps? ????? ????????
t1  t2 (ns) (eV) ????? ????? ?FWHM?keV??
 0:146  0:245 3.69 8577 20331 3.31
0:246  0:637 3.11 5172 10659 3.04
0:638  1:03 2.04 937 4269 2.66
? A.3 Ne?? 7.5 MPa??????
???? EobsPs p-Ps? ????? ????????
t1  t2 (ns) (eV) ????? ????? ?FWHM?keV??
 0:146  0:245 3.45 13236 24763 3.43
0:246  0:637 1.70 4999 13373 3.23
0:638  1:03 0.31 475 4092 3.35
120 ?? A AMOC????????????
? A.4 Ne?? 5.0 MPa??????
???? EobsPs p-Ps? ????? ????????
t1  t2 (ns) (eV) ????? ????? ?FWHM?keV??
 0:146  0:245 4.23 11650 25179 3.53
0:246  0:637 3.13 5801 13006 3.42
0:638  1:03 1.93 301 2562 3.29
Ar?? 7.5 MPa???????????????? AMOC?????????????????? Ps?
??????? EobsPs (t1?t2)? p-Ps??????????????????????????????FWHM
?keV???10 ch?100 ps???????????????????
? A.5 Ar?? 7.5 MPa??????
???? EobsPs p-Ps? ????? ????????
t1  t2 (ns) (eV) ????? ????? ?FWHM?keV??
 0:43   0:34 2.9 401 963 3.24
 0:33   0:24 3.7 2611 4113 3.45
 0:23   0:14 3.6 5896 13457 3.23
 0:13   0:04 3.7 15787 23984 3.23
 0:03  0:06 3.7 23175 32448 3.32
0:07  0:16 3.2 23767 33461 3.38
0:17  0:26 2.7 17688 34068 3.17
0:27  0:36 2.0 11005 28364 3.01
0:37  0:46 2.1 7084 22464 2.91
0:47  0:56 1.4 4211 19049 2.84
0:57  0:66 1.0 3139 15310 2.82
0:67  0:76 0.9 1415 15378 2.55
















&po x=0.0, y= 0.0 &
&po x=0.0, y= 10.0 &
&po x=3.0, y= 10.0 &
&po x=3.0, y= 0.0 &
&po x=0.0, y= 0.0 &
;Define World(Ar????????????)
&reg mat=7, mtid=7&
&po x=0.15, y=2.5 &
&po x=0.15, y=8.0 &
122 ?? B ???????????????
&po x=2.55, y=8.0 &
&po x=2.55, y=2.5 &
&po x=0.15, y=2.5 &
&mt mtid=7, epsilon=1.0 &
;Define Inner electrode?????????
&reg mat=0, voltage=100.0E+2, ibound=-1 &
&po x=0.0, y=0.0 &
&po x=0.0, y=8.0 &
&po x=0.15, y=8.0 &
&po x=0.15, y=0.0 &
&po x=0.0, y=0.0 &
;Define outer electrode 2?????????
&reg mat=0, voltage=0.0, ibound=-1 &
&po x=2.55, y=0.0 &
&po x=2.55, y=8.0 &
&po x=2.75, y=8.0 &
&po x=2.75, y=0.0 &
&po x=2.55, y=0.0 &
; Macor??????????
&reg mat=3, mtid=3 &
&po x=0.0, y=8.0 &
&po x=0.0, y=10.0 &
&po x=3.0, y=10.0 &
&po x=3.0, y=0.0 &
&po x=2.75, y=0.0 &
&po x=2.75, y=8.0 &
&po x=0.0, y=8.0 &
&mt mtid=3, epsilon=6.0 &
; Macor??????????
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&reg mat=4, mtid=3 &
&po x=0.15, y=0.0 &
&po x=0.15, y=2.5 &
&po x=2.55, y=2.5 &
&po x=2.55, y=0.0 &
&po x=0.15, y=0.0 &
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